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针用于实时 PCR 基因分型的设计规则；针对 SNP 点突变的基因分
型，设计了一条兼并碱基的负链取代野生型和突变型探针的两条
负链。应用建立的β-地中海贫血中国地区常见的 5种突变的检测
体系，完成了已知基因型的 62 份临床标本、随机筛查的 32 份临
床标本、双盲对照检测的 116 份临床标本、产前诊断的 15 个家系

























DNA 聚合酶的等位基因特异扩增的实时 PCR 基因分型技术。首先考
察了普通的 ARMS 引物应用 SYBR Green I 荧光染料的实时 PCR 基
因分型情况，接着系统考察了硫代磷酸化修饰引物 3′端不同位置
的碱基后，引物对核酸外切酶的耐受作用，以及其分别结合高保






















This dissertation consists of two parts. The first part is the 
development of a new real-time PCR genotyping approach using 
displacing probes, the second part is the development of another new 
real-time PCR genotyping method using phosphorothioate-modified 
allele specific primers with proofreading DNA polymerase.  
In the first part, a new real-time PCR genotyping approach using 
displacing probes was developed. Displacing probes are composed of 
two complementary oligonucleotides with different length. The longer 
positive strand is labeled with a fluorophore at the 5'-end and the 
shorter negative strand is labeled with a quencher at the 3'-terminus, so 
that the fluorophore and the quencher groups are in close contact in the 
duplex probe. Thus, in the absence of a target, the probe is 
non-fluorescent due to the contact-quenching effect between the 
fluorophore and the quencher. In the presence of a target, the negative 
stand can be displaced and the fluorophore becomes fluorescent. Such 
displacing probes are readily capable of discriminating between targets 
that differ by only a single nucleotide. The specificity of displacing 
probes could be simply assessed through denaturation analysis before 
genotyping was implemented and the probes designed with maximal 
specificity also showed the greatest detection sensitivity. The ease in 
design, the simple single-dye labeling chemistry, and the capability to 
adopt degenerated negative strands for point mutation genotyping 
make the displacing probes both cost-effective and easy in use. 
In chapter one, the feasibility of this method was first tested by 















gene with constructed plasmid templates. The robustness of this 
approach was then validated by simultaneous genotyping of the five 
different types of mutation with 255 clinical samples of humane 
genomic DNA. Sixty-two human genomic DNA samples with nine 
known genotypes were accurately detected, 32 random clinical 
samples were successfully screened, 116 DNA samples were all 
correctly genotyped in a double-blind analysis, and 45 clinical samples 
of 15 Chinese families for the prenatal diagnosis of β-thalassemia were 
all exactly genotyped.  
In chapter two, based on the above work, a multiple real-time 
PCR detection of mutations in a single-tube using displacing probes 
was then developed. A slow annealing PCR was used to amplify a 500 
bp amplicon including four mutations, and real-time PCR 
simultaneous detection of four mutations in a single tube was achieved 
using four mutant displacing probes. 
   In chapter three, an accurate, yet inexpensive and high-throughput, 
method for determining the allele frequency of biallelic 
polymorphisms in pools of DNA samples was developed.  
The combined merits of reliability, flexibility, and simplicity 
should make the method of real-time PCR genotyping using displacing 
probes suitable for routine clinical testing, large-scale genetic 
screening, large population-based epidemiology study, detecting 
meaningful polymorphic differences in candidate gene association 
studies, and genome-wide linkage disequilibrium scans. 
In the second part, another new real-time PCR genotyping 















proofreading DNA polymerase was developed. Normal ARMS primers 
display misincorporation when used for real-time PCR genotyping 
with SYBR Green I. Primer stabilisation is a key requirement to 
enable the application of proofreading to allele specific primers 
genotyping. Introduction of one or more phosphorothioate linkages 
into the 3 ′ terminus of the primer enhance the inhibition of 
exonuclease activity of T4 DNA polymerase. The allele specific 
primer with phosphorothioate modification of 3′terminus in the last 
nucleotide had a much stronger inhibition ability contrasted with the 
second nucleotide of the 3′ terminus, and the phosphorothioate 
modification of last two nucleotides of the 3′terminus got the best 
result of the inhibition of exonuclease activity. Real-time PCR 
genotyping with proofreading DNA polymerase got similar results, 
phosphorothioate modification of last two nucleotides of the 3′
terminus of the allele specific primers coupled with proofreading DNA 
polymerase could remarkably reduce misincorporation and enhance 
the amplification fidelity of PCR. A new real-time PCR genotyping 
method using double-stranded allele specific primers with 
phosphorothioate modification of last two nucleotides of the 3′
terminus was then developed. These results suggest that the use of 
phosphorothioate-modified primers and proofreading DNA 
polymerase will offer a simple and cost-effective means to improve 
fidelity in a range of allele specific primers based genotyping assay 
formats. 
 
Keywords: Displacing probes; Phosphorothioate modified primers;  
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第一部分  新型荧光双链置换探针实时 PCR 
基因分型研究 
引  言 
1953 年 Watson 和 Crick 提出了 DNA 双螺旋结构模型，这一重



















自 2000 年 6 月人类基因组草图宣告绘成后，人类基因组学领
















































































DNA 多态性产生的单链构象多态性的 PCR-SSCP 分析技术
[13,14]
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